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Abstract— The main aim of this work is to perform of
numerical simulation for energy analysis of double stage
vapour absorption refrigeration system: A software
development approach. Software is also developed for
predicting the energy analysis of the same. Software
development is performed under the MATLAB Simulink
environment. Under energy analysis, specific enthalpy is
evaluated at every thermodynamic state of vapour absorption
refrigeration cycles and heat transfer rate or heat load are also
estimated for major components of vapour absorption
refrigeration systems which are represented in tabular form.
Comprehensive thermodynamic design data are also
estimated and obtained under the energy analysis of vapour
absorption refrigeration system. These thermodynamic
design data can also be used in fixing operating setting for
existing or future systems and maintain automatic control on
optimum operation of the systems. First law performance
parameters coefficient of performance is also calculated for
different refrigerant operated vapour absorption refrigeration
system. Systematic literature on MATLAB Simulink is
presented in this work for software development. Developed
software is very user friendly and it can be used by any non-
technical person for estimating energy analysis of double
stage water-lithium bromide operated vapour absorption
refrigeration (VAR) system.
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. INTRODUCTION

Refrigeration is the elimination of heat from a substance or
space i.e. its temperature is lower than that of its ambient.
When it absorbs the undesirable heat, this heat increases the
temperature of the refrigerant (saturation temperature) so that
it changes its phase from liquid to gas, it evaporates. Principle
of condensation is used to release the heat and send
refrigerant back into liquid state. This is known by “latent
heat”. At which temperature liquid, vapor or solid changes its
phase is called Saturation temperature and this is due to heat
is addition or removal from the system. In recent years,
numerically and experimentally research has been increased
on the vapour absorption refrigeration system (VARS)
system due to attach cheap renewable energy sources (such
as waste heat coming from power plants, solar energy from
sun, geothermal energy from man, biomass energy from
plants) compare with VAR structure. In addition, VARS does
not affect ecological system, like depletion of ozone layer and
global warming, and hence they are environment-friendly [1-
3]. In order to shield the ozone layer, CFC-free non-
conventional compression systems are currently being
developed, mainly with HFCs. Nonetheless, these new
refrigerant are also producing some greenhouse effect and
can be banned in the next years. As already recognized,

water—lithium  bromide operated vapour absorption
refrigeration system coupled with are used broadly in air-
conditioning and other high-temperature absorption
transformers [3-6].

Il. DOUBLE STAGE ABSORPTION REFRIGERATION SYSTEM

A typical double stage Water—Lithium Bromide (H2O-LiBr)
vapour absorption refrigeration system is illustrated in below.
This system includes two generators-high pressure generator
(HPGE) & low pressure generator (LPGE), one condenser,
one evaporator, one absorber, pump, two solution heat
exchangers, two pressure reducing valves and two refrigerant
expansion valves. It can be observed that proposed system
works on three pressure levels as low pressure in the
evaporator and absorber, medium pressure in the condenser
and the low pressure generator, the high pressure in the high
pressure generator. Refrigerant (water) vapour flows from the
evaporator to the absorber, where it is taken into solution with
a hydroscopic absorbent lithium bromide. A flow of
refrigerant vapour is maintained by the boiling process within
the evaporator, thus heat energy is necessary for refrigeration
effect. The absorption process is exothermic and therefore the
absorber requires constant cooling to maintain its
temperature. To maintain the strength of the absorbent, a
quantity of the strong solution is continuously pumped at high
pressure to the generator via solution heat exchanger-1 (SHE-
1) and solution heat exchanger-11 (SHE-II) where it is heated
at relatively high temperature to boil out the refrigerant
vapour from the solution The primary water vapour coming
out from the HPGE enter into the LPGE heating the medium
concentration solution from the SHE-1 and then being
condensed. Secondary vapour and condensed water come out
from the outlet of LPGE and enter in the condenser where
heat rejection takes place. Total amount of water vapour
coming from the condenser is the sum of refrigerant
originating from HPGE and LPGE [10].

The water vapour is entered into the evaporator via
expansion valve where it is evaporated at low pressure and
converted into vapour form by absorbing heat. The resulting
strong solution is then pumped to HPGE through SHE-I and
SHE-II, respectively.
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Fig. 1: Schematic Diagram of Double Stage Water-Lithium
Bromide (H-O-LiBr) Vapour Absorption Refrigeration

System.
NOMENCLATURE
VAR Vapour Absorption Subscript
Refrigeration
X Solution Concentration, (%) | Input
T Temperature, °C 0 Output
SHE Solution Heat Exchanger G | Generator
E
F Circulation Ratio C | Condense
O r
M Mass flow rate, kg/s E | Evaporato
V r
Q Heat transfer rate, Kw A | Absorber
B
W Work transfer rate, Kw 0 Output
H Specific Enthalpy,(kJ/kg) P Pump
COP Coefficient of Performance R | Refrigera
nt
P Pressure, (kPa) 0 Dead
States or
Reference
Condition
PRV Pressure Reducing Valve
EV Expansion Valve
HPG high pressure generator
E
LPG low pressure generator
E

I1l. THERMODYNAMIC ANALYSIS

Fundamental expressions for carrying out energy analysis
involve principle of mass conservation, concentration
balance and energy balance. Mass balance equations of the
working fluid and refrigerant at any major component of
vapour absorption refrigeration system, can be written as:

> rﬁi =2 mo 1
Where, m is the mass flow rate, Subscript i is input and
Subscript o is the output flow. Similarly, doing concentration
balance across any major component of vapour absorption
refrigeration system, one can write;

zrﬁixi:zmaxu 2
TQ-YW=Smh-Smh, 3)

Q is the heat transfer rate, W is the work transfer, X is the
concentration of working fluid and h is the specific enthalpy.
With the help of Eqg. (1) and Eq. (3), Energy balance equations
for the major components of vapour absorption refrigeration
system can be derived.

The energy balance in absorber is given by Eq. (4)

Qpae=m;h,+m _h._—-mh,

177717 4)
The energy balance in condenser is given by Eq. (5)
Qco=m hyy +m hy, —mh, (5)

The energy balance in high pressure generator is given by
Eq. (6)

Qupge =M hy+m h

11 11_m7h7

(6)

The energy balance in low pressure generator is given by Eq.

Y]

QLPGE =m 1zh12 +m 14h14 +m 15h15 -m

h. —m.h

107710 1111

(@)
The energy balance in evaporator is given by Eq. (8)

Qey=m;h,—m,h, (8)

The energy balance in solution heat exchanger-1 is given by
Eq. (9)

QSHEI =m 15h15 +m 5h5 -m ehe -m 16h16 ©)

9

The energy balance in solution heat exchanger-I1 is given by
Eg. (10)

Qspen=m shs +m she —-m 7h7 —-m 9h9

(10)

IV. SOFTWARE DEVELOPMENT- MATLAB SIMULINK

MATLAB Simulink is enclosing model that enable you to
reproduce and investigate systems whose answer alter greater
than time consumption. Such software’s are going over and
over again, is known as dynamic systems. It may be genuine
human being kind self-motivated software’s is used in current
circuits, power absorbers, vehicle stopping systems, and
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several other electronic, automatic, and heat objectives for
estimating the performance of the respective system. This
example explains how software is running. Software is
applied on the full of life system of the particular problem and
it is having a two different process by way of programming.
Originally, a person draw a diagram, using the example that
is changing the diagrams that boxes, lines, stress introduce
into numerical relationship among the example which we
give to block, tells, and results are known. The person gives
information to the software to reproduce the arrangement
informed by the example from a single start second to a
known second end [11].

V. RESULT & DISCUSSION

Energy analysis has been performed under same operational
parameters which have been used by past researchers in their
own work. In this analysis, mass flow rate of the refrigerant
is taken as 1 kg/s and operational temperature parameters are
taken as
THPGE:14O.550C,TEv:7.220C,Tco:37.ZOOC,TAB:87.77OC
[10].Effectiveness of solution heat exchanger is assumed as
0.7.Thermodynamic properties of water-lithium bromide are
taken from earlier. Specific enthalpy at each thermodynamic
state of vapour absorption refrigeration system is presented in
Table 1.
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Fig. 2: Concentration Function Simulink Block Diagram.
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Fig. 3: Enthalpy Function Simulink Block Diagram

NT Enthalpy Function
Author has developed the software under MATLAB
environment for predicting the first law based performance of
water-lithium bromide operated single stage vapor absorption
refrigeration system. Thermodynamic properties simulation
is presented in past published work [13].

Fig. 4: Proposed Software Layout under MATLAB
Simulink Environment

Software layout is presented in figure 2.In this
software layout; input parameters are the temperatures at each
salient state of absorption cycle. Output parameters are heat
load in major components of vapor absorption system,
circulation ration and coefficient of performance (COP).In
proposed software, author has selected 29 input blocks, one
solution concentration subsystem block, 26 transfer function
blocks, 16 property subsystem blocks,7 heat load function
blocks, 1 COP function block, 34 display blocks.

Specific
Temperature Mass Solution Enthalpy
State (F())C) flow rate | Concentration | from this
m(kg/s) (%) study
(kJ/kg)
1 37.20 1 0 155.05
2 7.22 1 0 155.05
3 7.22 1 0 2513.99

All rights reserved by www.ijsrd.com 232



Numerical Simulation for Energy Analysis of Double Stage Vapour Absorption Refrigeration System: A Software Development Approach

(IJSRD/Vol. 6/1ssue 01/2018/057)

4 87.77 9.008 55.362 191.98
5 52.88 9.008 55.362 191.98
6 66.03 9.008 55.362 147.42
7 112.46 9.008 55.362 243.15
8 140.55 8.479 58.821 306.69
9 88.17 8.479 58.821 202.41
10 88.17 8.479 58.821 202.41
11 140.55 0.53 0 2744

12 87.77 0.53 0 367.60
13 37.77 0.53 0 367.60
14 67.77 0.47 0 2256.14
15 87.77 8.008 62.275 216.46
16 52.88 8.008 62.275 152.20
17 52.88 8.008 62.275 152.20

Table 1:

Heat transfer rate is estimated in major components
of the vapour absorption refrigeration system under energy
analysis and first law based performance parameters. The
results are tabulated in Table 2.

Thegr;c;(rjli/irssmic Symbol Enez%\};low
Heat Load in Evaporator Qev 2358.95
Heat Load in Absorber Qas 2003.52
Heat Load in Condenser Qco 1288.16
Heat Load in HPGE Qnpce 1864.43
Heat Load in LPGE Qvpce 181.92
Heat Load in SHE-I Qsrel 915.96
Heat Load in SHE-II QshEn 21.85
Coefficient of copP _ 1.2_7
Performance (Dimensionless)

Table 2: Heat Transfer Rate in Major Components of
Double Stage Water-Lithium Bromide Vapour Absorption
Refrigeration System & First Law Based Performance
Parameter.

Figure 5 shows the variations coefficient of
performance (COP) with variations in generator temperature
at same condenser temperature (Tco) &absorber temperature
(Tag)for the given evaporator temperature (Tev).Coefficient
of performance (COP) of the system decreases by increasing
the generator temperature upto certain level of 100°C high
pressure generator temperature after that Coefficient of
Performance increases till 110°C.Further increment in the
generator temperature solution concentration combination

does not allow for perform due to negative effect. The

following points may be concluded from Figure 5:

a) For given Tag = 30°C, Tco = 30°C, Tey=2°C: Maximum
value of coefficient of performance (1.242) of vapour
absorption refrigeration system is achieved at about
generator temperature (Tce) 110°C.

b) For given Tag = 30°C, Tco = 30°C, Tey=2°C: Minimum
value of coefficient of performance (1.17) of vapour
absorption refrigeration is achieved at about generator
temperature (Tee) 100°C.
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Fig. 5: Variations in Coefficient of Performance with
Generator Temperature (Tgg).

Figure 6 shows the variations coefficient of
performance (COP) with variations in generator temperature
at higher absorber temperature (Tag)than condenser
temperature (Tco) for the given evaporator temperature
(Tev).Coefficient of performance (COP) of the system
decrease by increasing the generator temperature upto certain
level of 100°C generator temperature after that Coefficient of
Performance increases 110°C. The following points may be
concluded from Figure 6:
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Fig. 6: Variations in Coefficient of Performance (COP) with
Generator Temperature (Tge).

a) For given Tag = 30°C, Tco = 30°C, Tey=2°C: Maximum
value of coefficient of performance (1.21) of vapour
absorption refrigeration system is achieved at about
generator temperature (Tee) 80°C.

b) For given Tag = 30°C, Tco = 30°C, Tey=2°C: Minimum
value of coefficient of performance (1.184) of vapour
absorption refrigeration is achieved at about generator
temperature (Tge) 100°C.
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Figure 7 shows the variations coefficient of
performance (COP) with variations in evaporator temperature
(Tev)at higher condenser temperature (Tag) than absorber
temperature (Tco) for the given generator temperature
(Tee).Coefficient of performance (COP) of the system
continuously increases by increasing evaporator temperature.
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Fig. 7: Variations in Coefficient of Performance (COP) with
Evaporator Temperature (Tey).

Tee | Tco | Tev | Tas | X Xec | Xa COP

50 | 20 2 20 26.73 | 27.47 | 25.57 | 1.225
60 | 20 2 20 28.1 31.02 | 25.62 | 1.187
70 | 20 2 20 31.87 | 41.63 | 25.63 | 1.102
60 |20 2 20 28.1 31.02 | 25.62 | 1.187
70 30 2 20 28.65 | 32.58 | 25.7 1.151
80 |30 |2 20 31.78 | 4156 | 25.43 | 1.075
70 30 2 20 28.65 | 32.58 | 25.7 1.151
70 | 40 2 20 29.69 | 35.41 | 25.76 | 1.109
80 | 40 2 20 31.75 | 40.73 | 25.62 | 1.061
90 | 40 2 20 26.7 28.63 | 25.34 | 1.156
80 |50 |2 20 28.93 | 33.6 | 25.76 | 1.101
90 |50 |2 20 315 | 40.32 | 25.35 | 1.036
100 | 50 2 20 26.33 | 27.79 | 25.36 | 1.14

90 |60 |2 20 28.75 | 33.37 | 25.56 | 1.075

Table 3: Tabulation of the Thermodynamic Design Data of
the Double Stage Water-Lithium Bromide (H>O-LiBr)
Vapour Absorption Refrigeration System.

VI. CONCLUSION

Specific enthalpy of each point in the vapour absorption
refrigeration cycle is reported according to the working fluid
concentration and temperature at respective thermodynamic
state of double effect vapour absorption refrigeration system.
Heat flow rate of each component in the cycle and some
performance parameters are calculated from the first law
analysis. Systematic procedure is also presented for
developing software for predicting the specific enthalpy and
performance of the same. This software is user-friendly. The
results show that a high coefficient of performance value is
obtained at high generator and evaporator temperatures and
also at low condenser and absorber temperatures. The
solution concentration also plays an important role in
optimizing the performance of the system. Author is observed
that the minimum value of COP (0.9761) is achieved with Tey
=100C,TAB =20°C ,THPGE 21000C,Tco=600C temperature
combination and maximum value of COP (1.281) is achieved

with TEV :40C,TAB :4OOC ,THPGE :9OOC,TCOZZOOC
temperature combination. Thermodynamic design data is
presented and the operating temperature ranges are proposed
as follows:

(1]
(2]

3]

[4]

(5]

[6]

[7]

(8]

(9]

2°C < Tey< 10°C

20°C < Tag< 40°C

20°C < T¢o<70°C
50°C < Thpee< 100°C
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